Patel, Dhaval; Kitahara, Cari M.; Park, Yikyung; Liao, Linda M.; Linet, Martha; Kebebew, Electron; and Nilubol, Naris, ,"Thyroid cancer and nonsteroidal anti-inflammatory drug use: a pooled analysis of patients older than 40 years of age." Thyroid.25,12. 1355Thyroid.25,12. -1362Thyroid.25,12. . (2015 Background: Cyclooxygenase (COX-2) has been associated with tumor growth and metastasis in several cancers, including thyroid cancer. For this reason, several investigators have studied COX-2 inhibitors in preclinical models of thyroid cancer and found antineoplastic effects. Thus, the primary aim of this study was to assess if the use of nonsteroidal anti-inflammatory drugs (NSAIDs) is associated with a reduced incidence of thyroid cancer. A second aim of the study was to determine additional risk or protective factors for thyroid cancer. Methods: Three large prospective population-based studies (the NIH-AARP Diet and Health Study; the Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial; and the U.S. Radiologic Technologists Study) were pooled to investigate the association between self-reported frequency of aspirin and nonaspirin NSAID use one year prior to baseline (no use, £2/week, >2-6/week, and ‡7/week) and subsequent risk of thyroid cancer. A Cox regression proportional hazard model was used to estimate aggregated hazard ratios (HR) adjusted for cohort, sex, race/ ethnicity, weight, smoking status, and alcohol intake. ) were independently associated with an increased thyroid cancer risk. Current smoking status and moderate and excessive alcohol use were also confirmed as independent risk factors associated with a reduced thyroid cancer risk. Conclusions: Neither nonaspirin NSAIDs nor aspirin use is associated with a reduced risk of thyroid cancer. Women and obesity are associated with an increased risk of thyroid cancer, whereas smoking and alcohol use are associated with decreased risk of thyroid cancer.
Introduction
T he incidence of thyroid cancer, the most common endocrine malignancy, has been increasing over the past three decades. Between 1995 and 2005, the incidence of thyroid cancer has increased by 98% in the United States (1) . As the incidence of thyroid cancer rises, it is important to determine what preventive measures and risk-reduction approaches could be utilized to reduce thyroid cancer-related morbidity and mortality, as well as the cost of care (2) .
Cyclooxygenase-2 (COX-2) has been closely associated with tumor growth and metastasis in a number of cancers such as lung, breast, colorectal, and cervical cancer (3, 4) .
Patients with chronic lymphocytic thyroiditis were three times more likely to have thyroid cancer, suggesting an association between chronic inflammation and cancer development (5, 6) . Overexpression of COX-2 has been observed in thyroid follicular cells of patients with Hashimoto's thyroiditis but not in normal thyroid or multinodular goiter tissue (7, 8) . Several studies have demonstrated an overexpression of COX-2 in papillary thyroid cancer (PTC) compared with normal thyroid and multinodular goiter tissue (7, 9, 10) .
In addition, the expression of COX-2 is associated with older age, lymph node metastasis, and advanced stage in patients with thyroid cancer (11, 12) . In vitro studies of thyroid cancer cell lines have shown that a selective inhibitor of COX-2, NS-398, can inhibit proliferation (13) , and reduce cellular migration and invasion (14) . In esophageal cancer, COX-2 expression has also been shown to be associated with anti-apoptosis (15) . These findings suggest a role of COX-2 in thyroid cancer development, and the potential of COX-2 as a chemopreventive and therapeutic target. This approach has been studied most notably in colorectal cancer. Chan et al. analyzed a large prospective cohort study of 82,911 women enrolled in the Nurses' Health Study and reported a multivariate relative risk (RR) of 0.77 [confidence interval (CI) 0.67-0.88] among women with regular long-term aspirin use. The use of aspirin and the multivariate RR was also found to be dose dependent, and a similar trend was seen for NSAIDs as well (16) . Given the findings of in vitro studies and the promising results of this study in colorectal cancer, aspirin and NSAID use may reduce thyroid cancer incidence.
While the evidence strongly supports the chemopreventive effect of NSAIDs in colorectal cancer (17) , there is no population-based study that addresses whether NSAIDs may reduce the risk of thyroid cancer. It was hypothesized that the incidence of thyroid cancer would be lower in individuals taking NSAIDs. Therefore, the primary objective of this study was to evaluate whether NSAID use reduces the risk of thyroid cancer in a large prospective population-based cohort.
Materials and Methods

Data sources
The data source consisted of three National Cancer Institute (NCI) cohorts: (i) the National Institutes of Health-the American Association of Retired Persons Diet and Health Study (NIH-AARP); (ii) the Prostate, Lung, Colorectal and Ovarian (PLCO); and (iii) the U.S. Radiologic Technologist (USRT) Study. Each cohort met the following criterion: individual assessment of aspirin and nonaspirin NSAID use within a similar time frame. Each cohort had individual questions for the use of aspirin and nonaspirin NSAID use. The three studies all had Institution Review Board approval at the National Institutes of Health.
NIH-AARP Study. NIH-AARP, initiated in 1995-1996, is a prospective cohort study examining the diet and lifestyle factors of AARP members aged 50-71 years in six U.S. states (California, Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania) and two metropolitan areas (Atlanta, Georgia, and Detroit, Michigan). A self-administered baseline questionnaire was mailed to 3.5 million members of AARP aged 50-71 years in 1995-1996 and was returned by 617,119 individuals (17.6%) (18) . In 1996-1997, a second questionnaire containing information on NSAID use was completed by 334,908 participants. The study follow-up period was from 1996 to 2003.
PLCO Cancer Screening Trial. PLCO, a multicenter trial, evaluated the effectiveness of prostate, lung, colorectal, and ovarian cancer screening with respect to disease-specific mortality (19, 20 The pooled population consisted of 388,577 individuals, with 481 individuals (163 male) with thyroid cancer, as ascertained by follow-up questionnaires for NIH-AARP, PLCO, and USRT. Screening protocols for thyroid cancer were not instituted in any of the three pooled protocols.
Assessment of NSAID use and aspirin use
The frequency of NSAID and aspirin use was ascertained by analyzing data from self-administered questionnaires. NIH-AARP and USRT questionnaires investigated aspirin and general nonaspirin NSAID use (USRT: Ibuprofen, Motrin, Naprosyn, Advil; NIH-AARP: generic ibuprofen, Advil, Nuprin, Motrin, Aleve, Orudis, Ketoprofen, Naprosyn, Anaprox, Feldene, Piroxicam, Clinoril, Sulindac, Indocin, Indomethacin, Relafen, Nalfon, Nambumetone, Fenoprofen). PLCO investigated specifically aspirin-and ibuprofen-containing products (Advil, Nuprin, Motrin, etc.). Participants were advised to not include Tylenol or other pain relievers in their reports. Four categories for frequency of NSAID and aspirin use within the past 12 months were created based on previous literature and analysis (23) : no use (referent), no regular use (£2 times/ week), regular use less than daily (>2-6 times/week), and regular daily use ( ‡7 times/week). The total duration of NSAID or aspirin use was not captured in any cohort. Nonaspirin NSAID and aspirin use were both included as independent variables in the multivariate analysis.
Covariate information
All of the studies collected information regarding sex, race/ ethnicity, weight and height, smoking status, and alcohol status. In order to assess whether the cohorts were comparable and appropriate to be pooled, a hazard ratio (HR) of heterogeneity between studies was calculated. The HRs of heterogeneity between studies were assessed using the I 2 index and the Mantel-Haenszel test for heterogeneity (24, 25) .
Statistical methods
A Cox proportional hazard model was used to calculate study-specific hazard ratios and confidence intervals for the association of aspirin and NSAID use with thyroid cancer risk with age as a time metric. Follow-up started at age at baseline, which was defined as the time when NSAID exposure was recorded. The follow-up ended at age at thyroid cancer diagnosis or age at censoring, which included diagnosis of any other cancer, death, or the end of the study.
The three cohorts were aggregated into one pooled cohort. ), and alcohol status (nondrinker, moderate <14 g, heavy >14 g). Additional analyses assessing thyroid pathology by histologic subtype were not completed given that the number of patients with thyroid cancer incidence was low. Analyses were stratified by sex, smoking status, alcohol status, and BMI.
Results
There were 388,577 individuals (200,601 male) in the pooled cohort, with 481 cases of all subtypes of thyroid cancer (163 male). A total of 4,302,158.84 person-years were accrued in the cohort analyzed. Characteristics of thyroid cancer incidence, NSAID use, and aspirin use are summarized in Table 1 . Selected demographic characteristics of the cohort are summarized in Table 2 . Heterogeneity of the data due to cohort variability was assessed and shown to be similar (Fig. 1) .
No significant risk reduction in thyroid cancer incidence was observed with nonaspirin NSAIDs and/or aspirin use ( Table 3 ). The independent factors (Table 4) Subanalysis of risk factors did not show any lower risk of thyroid cancer with the consumption of either aspirin or NSAID. Given the relatively low incidence of thyroid cancer, a subtype analysis was not sufficiently powered and not evaluated. Data on the type of thyroid cancer and extent of disease were also not available.
Discussion
The current study is the largest prospective multicohort analysis evaluating the role of NSAID use and risk of thyroid cancer. This study shows that the use of nonaspirin NSAID or aspirin was not associated with a reduced incidence of thyroid cancer. The pooled analysis confirms the protective association of thyroid cancer incidence and smoking and alcohol use, and the higher risk of thyroid cancer associated with obesity and female sex.
Tissue analysis of thyroid cancer has shown that COX-2 expression is upregulated in patients with thyroid cancer compared with adjacent normal thyroid tissue (10) , and these findings were validated with immunohistochemistry findings showing COX-2 expression to be higher in patients with PTC (26) . Furthermore, chronic inflammation with increased expression of COX-2 has been associated with cancer (27) and PTC (5,6). Thus, it was postulated that NSAID use could potentially reduce inflammation and reduce the risk of cancer, as demonstrated in colorectal cancer (16, 28) . Therefore, NSAIDs, nonsteroidal anti-inflammatory drugs; NIH-AARP, the National Institutes of Health-the American Association of Retired Persons Diet and Health Study; PLCO, the Prostate, Lung, Colorectal and Ovarian; USRT, the U.S. Radiologic Technologist. NSAID use could potentially reduce the risk of thyroid cancer, which has financial and health-related consequences.
THYROID CANCER AND NSAIDS: A POOLED ANALYSIS
However, the present analysis did not reveal a reduced risk of thyroid cancer with NSAID use in a population-based cohort study. This may be due to many factors including an older median age of the cohort, short duration of known NSAID use, an insufficiently large enough study cohort given the low incidence of thyroid cancer in these three pooled cohorts, and relatively short duration of follow-up period. In the Nurses' Health Study, Chan et al. did not see a relative risk reduction of colorectal cancer incidence until patients were ingesting aspirin or NSAIDs for at least a decade (16) . The lack of screening and the indolent natural history of thyroid cancer may have confounded the results. The increasing incidence of thyroid cancer has been associated with the detection of occult disease by numerous authors. Udelsman et al. showed that the incidence rates were significantly correlated with the density of endocrinologists and the employment of cervical ultrasonography (29) . Access to care is associated with the incidence of PTC, as documented by Morris et al. in an analysis of the Surveillance, Epidemiology, and End Results (SEER) database. In that study, thyroid cancer incidence was significantly higher in those over older than 65 years of age (annual percentage change 8.8%) compared with those younger than 65 (annual percentage change 6.4%) who do not have universal healthcare (30) . Increasing access to healthcare may explain the negative association with obesity. Obesity may be a surrogate for increased use of healthcare resulting in an increased incidence of thyroid cancer due to increased imaging use. Morbidly obese patients have an 81% greater per capita healthcare expenditure compared with normal-weight adults. Among the reasons for increased expenditures, morbidly obese adults had increased office-based visits and outpatient hospital care (31) . Likewise, smoking and alcohol may be associated with a lowered incidence by a lower healthcare access or use by that subset of patients. The lack of association between NSAID use and thyroid cancer incidence might be explained by the presence of these confounding factors. Nevertheless, the protective effects of smoking and alcohol have to be weighed against the well-documented known associated diseases, especially given the low morbidity of thyroid cancer and excellent prognosis for early stage disease. Radiation exposure may be a confounding variable, since the USRT cohort was included in this pooled analysis. However, an analysis of these patients with occupational radiation exposure has shown that total duration of occupation, employment below the age of 20, and years performing diagnostic, therapeutic, and nuclear medicine procedures was not associated with thyroid cancer incidence (32) . The USRT cohort has also been compared to age-specific, sex-specific, and race-specific matched individuals in the SEER program. The incidence of thyroid cancer is increased, but has been attributed to this population having increased access to imaging studies. An analysis showed that the frequency of thyroid tumors £1 cm was twice as high in the USRT cohort (30% vs. 15%) compared with data obtained from the SEER tumor registries. Furthermore, larger thyroid tumors (1.5-2.5 cm) were found in 19% of participants in the USRT cohort compared with 28% of registrants in the SEER database (21) . Therefore, occupational radiation exposure in the USRT cohort was unlikely to have compromised the pooled analysis results.
In summary, the use of NSAIDs was not associated with a reduced risk of thyroid cancer. The data analysis confirms, as previously reported in the literature, that obese patients have a higher risk of thyroid cancer, and that current smoking and moderate alcohol use are associated with a lower risk of thyroid cancer. Therefore, contrary to the chemopreventive effects of NSAIDs in colorectal cancer, the present analysis does not support the use of NSAIDs to reduce the risk of thyroid cancer. 
